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Abstract
The degree of depolarization of neutral particles in crystals can reach tens of per-
cents over the crystal length of several centimeters, which can be the basis for pos-
sible experimental application of the depolarization effect for measuring anomalous
magnetic moments of short-lived neutral hyperons.
Key words: short-lived hyperons, neutral hyperons, magnetic moment, crystal,
Schwinger scattering, LHC
Introduction
The increase in the proton beam energy up to 7 TeV, available at the LHC, or
more, possible at the FCC, results in a growing number of secondary particles
available with these colliders. According to [1,2], as the number of produced
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secondary hyperons increases, we get a realistic hope to successfully use the
effects of charged hyperon spin rotation in bent crystals and spin depolariza-
tion of high-energy particles moving in crystals for measuring the anomalous
magnetic moments of short-lived hyperons [3]. Amongst hyperons, there is a
family of neutral hyperons. Let us note here that Ξ0c hyperons have a life-
time τ ≈ 1.1 · 1−13 s, cτ ≈ 33.6µm (c is the speed of light), Ω0c-hyperons –
τ ≈ 7 · 10−14 s, cτ ≈ 21µm, and Λ0b-hyperons – τ ≈ 10
−12 s, cτ ≈ 427µm.
In this paper we demonstrate that spin depolarization of high-energy neutral
hyperons moving in crystals at small angles to the crystal axes (planes) can
amount to tens of percent, allowing us to use the spin depolarization effect
for measuring the magnetic moment of short-lived neutral hyperons. The es-
timated value of the running time for heavy neutral bottom baryons in FCC
conditions is ≤ 300 hours.
1 Spin depolarization effect for neutral particles passing through
crystals
Let a particle move through a nonmagnetic crystal. The electric field ~E in the
crystal takes on random values at the particle location point. As a result of
fluctuations in the direction and magnitude of the field ~E, the spin rotation
angle of any transmitted particle takes on different values, which leads to
depolarization of particle spin [3].
In considering depolarization of high-energy particles, we should bear in mind
that their interaction with nuclei (atoms) of matter involves electromagnetic
as well as strong nuclear interactions. From the quantum-mechanical view-
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point, the amplitude of particle scattering by a scattering center, along with
spin-independent terms also includes the terms depending on the spins of the
incident particle and the nuclei. We shall further be interested in the term
proportional to the product ~S~n, where ~S is the operator of the incident parti-
cle spin and ~n is the unit vector perpendicular to the particle scattering plane
~n = [ ~p0× ~p1]
| ~p0× ~p1|
, where ~p0 is the initial particle momentum and ~p1 is the after-
scattering particle momentum. This term is called the Schwinger scattering in
the case when neutral particles are scattered in the nuclear electrostatic field.
To describe the process of depolarization in the general case, we need to use
the quantum kinetic equation for spin density matrix of a particle moving in
the crystal [4]. Nevertheless, the degree of depolarization can be estimated by
considering the collisions between the particle and the crystal nuclei (atoms).
To do this, we shall examine the particle-nucleus elastic scattering. We shall
also assume that the nuclear spin is zero. In this case, the amplitude of elastic
scattering of a spin 1/2 hyperon by a nucleus can be written as [5]
f = A+B~σ~n, (1)
where ~σ = (σx, σy, σz) are the Pauli spin matrices describing the particle spin
~S = 1
2
~σ. The polarization vector of a particle that has undergone a single
scattering event can be found using the following expression [5,4]:
~ξ =
trρf+~σf
trρf+f
=
trρf+σf
dσ
dΩ
. (2)
Here ρ is the spin density matrix of the incident particle and
dσ
dΩ
= trρf+f = |A|2 + |B|2 + 2ReAB∗~n~ξ0 (3)
is the differential cross section of elastic scattering, where ~ξ0 is the beam’s
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initial polarization ~ξ0 = trρ~σ. Equations (1) and (2) yield the following ex-
pression for the polarization vector of the scattered particle [5]
~ξ =
{
(|A|2 − |B|2)~ξ0 + 2|B|
2~n(~n~ξ0) + 2Im(AB
∗)[~n~ξ0] + 2~nRe(AB
∗)
}
·
(
dσ
dΩ
)−1
.(4)
The contribution coming to the beam polarization ~ξN from particles scattered
at an angle ϑ and having the polarization vector ~ξ can be written in the form
~ξN(ϑ) = ~ξ
dσ
dΩ
NTnucj0 =
~ξ
dσ
dΩ
NnucLN0, (5)
where Nnuc is the density of target nuclei, j0 is the current of incident L is the
target thickness, N0 is the number of incident particles that have reached the
target. The total polarization of the scattered beam made up by summation
of the contributions coming from polarization of every single particle is
~ξN =
∫
~ξ(Ω)
dσ
dΩ
dΩNnucLN0, (6)
i.e.,
~ξN =
∫ {
(|A|2 − |B|2)~ξ0 + 2|B|
2~n(~n~ξ0) + 2Im(AB
∗)[~n~ξ0] + 2~nRe(AB
∗)
}
× dΩNnucLN0. (7)
Let us note that vector ~n lies in the plane orthogonal to the direction of
the initial momentum ~p0. That is why integration over the components of
the scattered particle vector ~p1 that are transverse relative to vector ~p0 is
tantamount to integration over the direction of vector ~n. After the integration,
the last two terms in (7) vanish. Now, let us find how the beam polarization
vector change after the beam has passed through the target. In the range of
high energies, elastically scattered particles move at small angle, so we can
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first consider the situation when all particles (particles that passed through
the target without collisions and particles transmitted with scattering) reach
the detector.
In this case, the number of particles entering the detector, ND, is the same
as N0, the number of particles incident onto the target, and ND = N0 =
N ′0+Nsc, where N
′
0 is the number of particles that have undergone collisionless
transmission and Nsc is the number of scattered particles. Hence, the beam
polarization change ∆~ξN is
∆~ξN = ~ξN − ~ξ0N =
∫ {
(|A|2 − |B|2)~ξ0 + 2|B|
2~n(~n~ξ0) + 2Im(AB
∗)[~n~ξ0] + 2~nRe(AB
∗)
}
×NnucLN0 − ~ξ0
∫
dσ
dΩ
dΩNnucLN0. (8)
Now let us find the degree of longitudinal depolarization. We shall assume that
the initial polarization vector ~ξ0 is directed along the particle momentum; as
a consequence ~n ⊥ ~ξ0. In this case, the value of longitudinal depolarization
η‖ =
ξN‖ − ξ0N
ξ0N
= −2
∫
|B|2dΩNnucL. (9)
We can verify that η⊥ =
1
2
η‖. Thus, the value of depolarization is determined
by the amplitude B of spin-orbit scattering (the spin-orbit scattering cross
section
∫
|B|2dΩ).
In the case considered here, the amplitude B is determined by two contri-
butions: the nuclear interaction of the neutral particle (hyperon or neutron)
and the interaction between the anomalous magnetic moment and the nuclear
(atomic) electrostatic field, also known as the Schwinger interaction [6]. De-
polarization of neutral particles due to Schwinger interaction in amorphous
media was discussed by V. Lyuboshitz [7]. According to [7], the expressions
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for the degree of depolarization in this case can be written in the form:
η‖ ≃
1
8
(
Es
mp
)2
g2
L
Lrad
, (10)
where Es = 21 MeV, mp is the proton mass, g is the particle g-factor, and Lrad
is the radiation length. According to (10), η‖ is independent of the particle
energy. For neutrons, the depolarization degree η‖ ≃ 10
−3 L
Lrad
, whereas for
Λ-hyperons it is 10−4 L
Lrad
and η⊥ =
1
2
η‖. As is seen, in amorphous medium,
the depolarization degree due to Schwinger scattering at a length of several
centimeters is even less than ∼ 10−2. In the range of high energies, nuclear
interaction should also be considered together with the Schwinger one. A
substantially greater degree of depolarization occurs when neutral particles
pass through crystals at small angles to crystallographic axes (planes). In
this case, the cross section for scattering by a single nucleus can rise ten- or
even hundred-fold. In particular, it was shown in [8,9] that for neutrons with
energies up to several MeV, the cross section for coherent elastic Schwinger
scattering by a single nucleus in crystals increases by a factor of ten. Accord-
ing to [9], the total cross section for Schwinger scattering of 1 MeV neutrons
in crystals undergoes oscillations, depending on the particle entering angle,
reaching in tungsten crystals the values ∼ 2 · 10−25 cm2 , which is 10 times
as high as that for Schwinger scattering by a nucleus in amorphous media:
σ = 1.6 · 10−26 cm2.
The scattering cross section of particles in crystals can be analyzed using the
following expression [4]:
dσcr
dΩ
=
dσ
dΩ+
1
N
∣∣∣∣∣
N∑
n=1
exp(i~q ~rn)
∣∣∣∣∣
2
. (11)
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Here ~rn is the radius vector of the n-th nucleus in the crystal, ~q = ~k
′−~k is the
transmitted momentum, N is the number of scattering centers, ~k = ~p1
~
, and
~k = ~p0~. The overline means averaging over thermal oscillations of the lattice
nuclei (atoms); dσ
dΩ
= trρf+(~q)fˆ(~q), where f(~q) is the amplitude of coherent
elastic scattering of the spin ~S particle by the nucleus. In the general case, if
the nuclei are polarized, f depends on their polarization (for detail, see [4]).
Averaging over thermal oscillations can be performed in the same manner as
it is done in the theory of X-ray scattering [10,11]
As a result, we have
dσcr
dΩ
=
dσ
dΩ

(1− e−u2q2) + 1N
∣∣∣∣∣
∑
n
ei~q~r
0
n
∣∣∣∣∣
2
e−u
2q2

 , (12)
where ~r0n is the coordinate of the center of gravity of the crystal nucleus,
u2 is the mean square of thermal oscillations of nuclei in the crystal. The
first term describes incoherent scattering and the second one describes the
coherent coherent due to periodic arrangement of crystal nuclei (atoms). This
contribution leads to the increase in the cross section. This expression can be
used as long as the crystal length satisfies the inequality k(n−1)L≪ 1, where
n is the particle refractive index in the crystal [4].
The depolarization degree ηcr‖ in crystals can be estimated using the following
expression for the degree of longitudinal depolarization:
ηcr‖ (ϑ0) =
σcr(ϑ0)
σ
η‖,
where σcr is the part of the total scattering cross section in the crystal due
to spin-orbit (Schwinger scattering) interaction, σ is the part of the total
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scattering cross section by the nucleus (atom) in the amorphous medium that
is due to spin-orbit interaction (Schwinger interaction), ϑ0 is the angle of
particle entrance relative to the crystallographic axis (plane), and η‖ is the
degree of particle depolarization in the amorphous medium (see equation(10)).
The degree of depolarization ηcr‖ (ϑ0) (and η
cr
⊥ =
1
2
ηcr‖ (ϑ0) depends on the angle
of particle entrance into the crystal relative to the axis (plane) and undergoes
oscillations similar to those observed in coherent bremsstrahlung and pair
production, e.g., in the crystal (see, e.g. [11]). According to [4], the increase
in the cross section also refers to particle scattering in crystals with polarized
nuclei.
As the particle energy increases, the coherent elastic scattering cross section in
crystals also increases, because the coherent length grows. As a consequence,
the degree of particle depolarization also increases, reaching tens of percents
over the tungsten crystal length of several centimeters. The increase in the
particle energy is accompanied by the growing number of produced hyperons.
As a result, the measurements of the spin depolarization value of short-lived
neutral hyperons in crystals gives hope for measuring their magnetic moment
at the LHC and the FCC.
2 Conclusion
The degree of neutral particle (hyperon, neutron) depolarization in crystals
increases as the particle energy is increased, because the scattering coherent
length grows.
The degree of depolarization of neutral particles in crystals can reach tens
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of percents over the crystal length of several centimeters, which can be the
basis for possible experimental application of the depolarization effect [3] for
measuring anomalous magnetic moments of short-lived neutral hyperons. De-
polarization of neutral Λ-hyperons can be used for calibration of the experi-
ment, because their magnetic moment is known. They have a longer lifetime
(τ = 2.6 · 10−10 s) and so other techniques apply to measure their anomalous
magnetic moment. The estimates show that the time T for observation of this
effect for neutral charm hyperons is of the same order as that of spin rotation
effect for charged Λ+c -hyperons in a bent crystal reported in [1] T ≈ 10 ÷ 20
hours. The production rate for neutral bottom baryons is noticeably less, but
increases as the proton energy is increased, giving us hope that the experi-
ments on measuring their anomalous magnetic moments during tens of hours
(up to 300 hours) are possible.
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